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The  major  efforts  during  this  reporting  period  were  in  determining  the 
low-temperature  mechanical  properties  of  bladder  and  seal  materials,  in 
obtaining  additional  permeability  data  for  bladder  materials,  and  in  fab¬ 
ricating  the  fuel  system  simulator. 

Although  Vtton  and  the  Vlton/Noraex  composite  elastomers  became  stiff 
at  -65*F,  they  did  not  become  brittle.  The  Viton/Noraex  construction  (US  b41) 
retained  half  the  elongation  at  -65*F  as  compared  to  room  temperature.  Based 
upon  these  results  ,,-cffia  material  remains  the  primary  choice  for  the  bladder. 
The  Nltrlle/^ylon  construction  (US  566  RL)  exhibited  greater  flexibility, 

and  wilt  be  the  backup  material. 

/ 

^Permeability  data  was  obtained  using  much  larger  elastomer  surface,  area 
teat  specimens  Chan  previously  used.*  The  measured  permeability  rates  of 

Shelldyne  H  through  Vitonj^tjaxoegii  Viton/Homex,  and  through  Nltrile/Nylon 

_ _ 2 

were  all^Mbreoely  low,  less  than  0.Q5  mg/cm  /day. 

Fabrication  of  the  fuel  system  simulator  proceeded  satisfactorily.  The 
supporting  skids  were  completed,  most  of  the  purchased  components  have  been 
delivered,  and  the  fuel  tank  assemblies  and  the  first  fuel  bladders  -re  in 


work. 


MECHANICAL  PROPERTIES 
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flexibility  at  -64'’  and  are  resistant  to  many  tuuls  and  mis.4  However, 
the  silicones  and  fluoros il leones  have  much  poorer  tensile  strengths  than 
ether  elastomers,  it  is  difficult  to  effectively  reinforce  these  rubbers 
because  of  poor  adhesion  properties,  and  permeability  rates  are  high. 

Viton  lias  outstanding  resistance  to  fuels  and  oils,  and  i:>  useful  to 
extremely  high  temperatures.  Its  low-temperature  properties  are  not  as 
attractive  as  those  of  some  other  elastomers,  but  Viton,  through  proper 
compounding  and  component,  design,  can  be  used  at  -65“ F. 

Time-honored  flexibility  tests  of  O-rings  indicate  a  minimum  usable 
temperature  of  -40  to  -50*F  for  Viton,  However,  these  tests  are  based  on 
the  ease  of  flexing  over  a  given  size  mandrel.  Most  elastomers  become  hard 
and  brittle  and  break  and  shatter  in  the  flexing  test  when  they  reach  their 
minimum  usable  temperature.  Vltcn  merely  becomes  stiff.  Tests  at  -65®F 
conducted  by  F.  H.  Pollard  of  Republic  Aviation  Corp.  (SAE  Journal,  May  1959) 
resulted  in  successful  sealing  by  Viton. 


General  Dynamics  concluded  that  F-lll  wing  cavity  fuel  cells  made 
of  Viton  materials  were  good  for  severe  flexing  and  wrinkling  in  the 
-35®F  to  -40®F  range  and  for  moderate  flexing  ac  -65®F. 

Teflon,  in  addition  to  it.s  inert  character,  possesses  excellent  low- 
and  high-temperature  mechanical  properties.  The  main  drawbacks  are  cold 
flow,  the  necessity  for  using  thin  sections  to  achieve  flexibility,  re¬ 
latively  poor  tear  resistance,  the  difficulty  in  fabrication  and  bonding, 
and  high  cost! 

Ethylene  propylene  terpolymer  (EPT)  haa  good  low-temperature  flexi¬ 
bility,  but  it  is  basically  incompatible  with  hydrocarbons. 


In  order  to  document  the  low-temperature  mechanical  properties  of  the 
specific  materials  under  study  in  this  program,  a  series  of  low-temperature 
tests  were  conducted  on  US  941  (Viton/Homex  construction),  US  56b  RL 
:  (Nitrile/My Ion  construction),  US  3094  (unreinforced  Viton) ,  US  3015 
(uareinforccd  ITT),  and  Teflon  (TIE).  The  first  was  a  qualitative  test 
'X&r-ot  tamers  ing^a.  atrip  of  material  la  a  dry  ies-MEK  bath  and  attempting  to 
•Ab,  bendi  tha^  atripl80®  upon  itself.  Ac  -85*F,  the  Nitrila/Nylon  and  the  Teflon 
^I^pej'loraidfcsuecesafully,  but  the  EPT,  the  Viton  »nd  the  Viton/Bomex  ’VP-' 
cientivti:  At  -65*F,  ail  five  material#  were  bent  double  without  cracking. 
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Quant  lt.it  ivc  tons  lit;  Costs  wort'  performed  on  these  materials  us  a 
function  of  temperature.  Table  2.1  lists  the  data  obtained  for  l!S  >()'/'♦ 
fun  re  Info  reed  Viton)  and  for  US  3015  (unreinforced  EPT);  Table  2.2  lists 
the  data  tor  US  l)>«  l  IV i ton/ Nonox)  and  for  US  566  Kb  (Sitri  le/Hylori)  ;  anti 
Table  2.3  lists  data  Interpolated  from  values  published  by  the  IXtt  out  (or-pany 
for  Teflon  iTFE) .  In  addition  to  the  measured  rupture  stress  and  rapture 
strain.  Tables  2.1,  2.2,  and  2. '3  list  the  rupture  stress  reduced  to  an 
arbitrary  73*F  reference  temperature  according  to  Smith*: 


Reduced  Rupture  Stress  -  X  Rupture  Stress 

where  T  -  test  temperature,  °R 

Tq  -  reference  temperature  -  533  *R. 

The  rupture  stress  is  shown  as  a  function  of  temperature  in  Figure  2.1, 
and  the  rupture  strain  is  shown  as  a  function  of  temperature  in  Figure  2.2. 
Figure  2.2  shows  that  both  ethylene  propylene  terpolywer  (EPT)  and  Teflon 
retain  well  over  100  per  cent  elongation  at  -65*F,  confirming  the  quali¬ 
tative  bending  test  previously  discussed.  Unreinforced  Vitcn  loses  elonga¬ 
tion  rapidly  at  lower  temperatures,  but  there  is  still  30  per  cent  elongation 
at  -65*F.  This  data  confirms  the  fact  that  Viton  stiffens  but  does  not  em¬ 
brittle  at  this  temperature.  The  Viton/Nomex  composite  suffers  a  sharp  drop 
in  elongation  below  -45*F,  but  there  still  is  almost  half  the  elongation 
at  -65*F  that  the  material  has  at  room  temperature.  The  one  point  for  the 
Mltrile/Nylon  composite  confirms  the  fact  that  this  construction  is  much 
more  flexible  than  the  Viton/Nomex  construction  at  -65*  F. 


The  reduced  rupture  stress  plotted  against  rupture  strain  In  Figure  2.3 
defines  a  Smith  Failure  Envelope  for  each  material.  Any  combination  of 
stress  and  strain  to  the  right  of  each  curve  results  in  a  failure  of  the 
material.  Hence,  failure  will  be  averted  if  the  component  design  limits 
the  strain  at  a  particular  stress  to  the  left  of  the  curve. 

The  conclusion  drawn  from  these  data  is  that  Viton  and  Viton/Nomex 
'  have  limited  flexibility  at  -65*F,  but  that  these  materials  are  not  totally  'i? 

^  brittle  so  that  they  could  be  useful  in  the  proper  configuration.  Teflon, 

-:-^%sp5?';8ltrile':rubber*  and  EPT  have  greater  flexibility  than  Vitoa  at  „-65*F.  •  -  3  ■ 


*  T.  L.  Smiths  "Ultimate  Tens  lie  Properties  of  Elastoise»^;’lt^Cdaparison 
of^ Failure  Envelopes,  for  Unfilled  Vulcaniratea**,  J*  Applied  Physics  35 
l£27-35  (Jan. 
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Tensilr  Proport  lea  ol  Unrcinlorcod  Materials 
at  Varying  Tent  poratu  res. 


j  US  3094  (Vitonl 

US3G15IEPT) 

Test 

Rupture 

j  Rupture  Strips 

'  Rupture 

Rupture 

!  Rupture  Stress  j 

Rupture 

Temperature 

Stress 

1  Reduced  to  73"T 

1  Strain 

Stress 

|  Reduced  to  73  >  i 

Stf<nn 

l°F) 

ipsil 

(PS'1 

!  (percent) 

(pstl 

i  <R**»  1 

(percent) 

165 

492 

420 

1  471 

488 

416  | 

401 

474 

404 

j 

j  466 

4  . . 

422 

360 

i 

403 

Average 

433 

|  412 

I  468 

455 

388  ; 

402 

Average 


0 


Av* ,-age 


20 


Average 


•45 

3.688 

4.744 

86 

2524 

3.634 

330 

3,455 

4,447 

109 

2.647 

3,407 

319 

Average 

3.570 

4,598 

98 

2.736 

3520 

324 

•65 

3.782 

5.113 

24 

2,950 

3588 

289 

3.760 

5.084 

35 

2583 

4,047 

240 

Average 

3.778 

5.098 

30 

2JST2 

4518 

284 

TABLE  2.: 


Tensile  Properties  of  Reinforced  Materials 
at  Varying  Temperatures. 


Tot 

Temperature 

'  <°Fr 


Average 

73 

Average 

0 


Rupture 

Stress 

(put 


US  941  (Viton.Nom*»t 

~j  Rupture  Street  i 

Reduced  to  73gF  j 
I  (pvt  I 


1 

Rupture 

Rupture 

Strain 

Strew 

(percent) 

(put 

18 

18 

15 

17 

14 

17 

17 

18 

US  566  RL  (Nitri!e/Nyk>n) 

Rupture  Strew  Rupture 
j  Reduced  to  73F  J  Strain 
(pvt  i  (percent) 


Average 

•20 


Avenge 

-45 


Average 


10,134 

9.8% 

10,563 

10.123 

11.781 

10875 

11,333 

11529 


13,020 

12.460 

13570 

13,010 

15500 

14.670 

15500 

15500 


9510 

13510 

18 

10510 

14,710 

17 

10591 

13500 

18 

10504 

13500 

18 
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Tensile  Properties  of  Teflon  (TFE)  at  Varying 
Temperatures  (Calculated  from  Data  in 
December  1964  Issue  of  the  Journal  of  Teflon). 


Rupture  Sires* 


Temperature 

<aF> 

Rupture  Stre* 

(ptii 

Reduced  to  73JF 
(P*i» 

Rupture  Strain 
(percent) 

165 

2670 

2.450 

367 

73 

3.600 

3600 

282 

0 

4630 

4600 

230 

20 

4,400 

5630 

215 

•45 

4,620 

5640 

196 

•65 

4.810 

6600 

184 

Figure  Rupture  Stress  Versus  Temperature 


RUPTURE  STRAIN  (percent) 


Nltrtle/Nylon 


40  00  HO  100  200  400 

RUPTUBE  STRAIN  (percent) 

Figure  2,3.  Failure  Envelopes. 


3.0  prreir.ABn.iTY  data 


In  order  to  gain  more  accurate  data  for  the  rates  of  Shelldyne  ii  per¬ 
meability  through  bladder  materials,  larger  test  specimens  were  prepared 
and  placed  In  test  February  9,  1970.  Each  test  specimen  consisted  essentially 
of  two  6-inch  discs  of  elastomer  bonded  together  at  the  outer  edge,  with  a 


bond  width  of  one  inch,  leaving  a  4-inch  diameter  cavity.  This  cavity  was 
filled  with  Shelldyne  H  and  the  specimen  was  sealed.  Periodic  weighings  of 
each  specimen  is  the  measure  of  fuel  permeability. 

Seven  specimens  in  all  were  prepared.  There  were  two  specimens  of 
Vlton  (US  3094;  0.054  inches  thick),  two  specimens  of  Viton/Nomex  construction 
(US  941,  0.030  inches  thick),  and  three  specimens  of  Nitrile/Nylon  construction 
(WS  566  R,  0.032  inches  thick).  It  should  be  noted  that  the  Nitrile/Nylon 
construction  used  in  these  tests  has  thicker  rubber  layers  than  the  US566  kL 
reported  elsewhere,  which  had  an  overall  thickness  of  0.019  inches.  However, 
for  *'he  purposes  of  measuring  permeability  rates,  the  nylon  film  barrier 


(which  offers  the  controlling  mass  transfer  resistance)  is  identical  in  the 
two  constructions,  so  that  the  permeability  data  obtained  is  applicable  to 
either  construction. 

The  data  obtained  for  the  first  21  days  is  listed  in  Table  3.1.  It  is 
apparent  that  all  of  the  permeability  rates  measured  are  extremely  lav. 

4.0  FABRICATION  OF  FUEL  SYSTEM  SIMULATOR 


During  the  past  month,  fabrication  of  the  fuel  system  simulation  was 
a  major  activity.  The  purchased  components  have  either  been  received  or 
are  expected  shortly,  except  for  the  turbine  flowmeter  which  is  due  in  April. 
The  plexiglass  fuel  tank  components  are  in  work  and  due  shortly.  In  sufficient 
time  to  begin  checkout  testing.  Tha  steel  fuel  tank,  is  in  work  and  is  ex- 

a.  ; 

pected  in  April.  Major  components  that  have  been  received  include  the  skid 
mountings  and  the  catch  tank. 

During  the  past  month,  the  initial  order  for  two  Viton/Nomex  (US  941) 
fuel  bladders  was  placed  with  Uniroyal,  Inc.  The  design  has  been  modified 
to  provide  six  longitudinal  reinforcing  strips  to  promote  the  desired  uni- 
form  folding  configuration  during  fuel  expulsion.  Hangers  will  be  provided 

oh  the  forvard  end  of  thejbtadder  to  encourage  longitudinal  folding. 
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TABLE  3.1  1'ERKEABILITY  RATES 

2.-.  . 


f'T/ 


Specimen 

1 

2 

Average 

1 

2 

Average 

1 

2 

3 

Average 


Viton/Nomex 

US  941 


Nitrile/Nylon 
US  566  R 


Material 
Vtton 
US  30% 


Permenbilj 


0.051 


0.041 


0.046 


0.019 

0.027 


0.023 


0.030 


0.034 


0.017 


5 


A  vacuum- Jacketed  he  it  exchanger  built  by  .Cvueral  Aps>U»*J 
Laboratories  ,  tor  the  Air  Force  tinder  another  .program,  w\  11  be 
program  for  Low-temperature  conditioning  of  the  fuel,  in  order 


St  itnec 
used  in  this 
to  shorten 


the  setup  time  for  low-temperature  testing. 


5.0  UOHK  PLANNED  FOR  KO  I.  lOWthT.  PKKlOf) 

The  major  effort  will  be  concerned  with  the  fabrication  and  installation 
of  the  fuel  system  simulator.  Additional  fuel  bladders  will  be  ordered, 
of  the  US  566  RL  construction  (HLtriie/Mylon)'. 

Other  efforts  should  include  the  continuation  of  long-term  stcrabi.ity 
and  compatibility  testing,  and  the  preparation  of  a  fuel  reprocessing  system. 


